Arylsulfatase A (ARSA) is a lysosomal enzyme that plays an important role in catalysis of degradation of cerebrosidesulphate. The deficiency of this lysosomal enzyme causes an autosomal recessive disorder, called metachromatic leucodystrophy. However, a low ARSA activity can be observed in clinically healthy people, called ARSA pseudodeficiency. In our study we investigated the possible linkage between ARSA activity and sulfatide deficiency causing characteristic aspects of degenerative diseases, such as end stage kidney disease, type 2 Diabetes mellitus, Parkinson syndrome, prostate cancer and HIV (Human Immunodeficiency Virus) infection. We used a spectrophotometric method to determine the activity of ARSA. This method of enzyme dosage is based on a 4 hour long hydrolysis of the ARSA enzyme on 4-nitrocatechol sulfate (p-NCS) substrate. The unit of this measurement is nmol/ml/4h. Our findings show significant values in type 2 diabetes, Parkinson syndrome and chronic kidney disease. The importance of sulfatide in these diseases is well-known, thus presumably the variation of the ARSA's activity might play an important role in the pathophysiology of these diseases, involving a vicious cycle between sulfatide degradation andthese diseases.
Introduction
Arylsulfatase A is a lysosomal enzyme that catalyzes cerebrosidesulphate degradation [1] . The synthetisation of galactosylceramide (GalC) takes place in the endoplasmic reticulum in presence of the UDP-galactose (Uridinediphosphategalactose), which catalyzes the transfer of galactose to ceramide molecule. GalC is converted to sulfatide in the Golgi apparatus, by transferring a sulfate group from PAPS (3'-Phosphoadenosine-5'-phosphosulfate) to the galactose residue, which is catalyzed by the Gal3st1 (Galactosylceramide sulfotransferase) ( Figure 1 ). The degradation of sulfatide starts with the hydrolysis of the sulfate residue by ASA [2] . The resulting molecules are re-used as precursors for sulfatide biosynthesis. When ARSA does not hydrolyze properly, this recycling pathway breaks down.
In our study we investigated the possible linkage between ARSA activity and sulfatide deficiency causing characteristic aspects of degenerative diseases, such as end stage kidney disease, type 2 Diabetes mellitus, Parkinson syndrome, prostate cancer and HIV infection.
Methods
We included 174 patients in our study, divided into six groups according to the examined pathologies as follows: 58 patients presenting end stage kidney failure, 24 patients with type 2 diabetes, 19 patients diagnosed with prostate cancer (histologically confirmed), 14 patients presenting Parkinson syndrome, 27 HIV positive patients and 32 patients representing the healthy control group. Out of the patients with chronic kidney disease, a separate group of 12 individuals were identified with positive Minimental state exam test (MMSE) and the Clock drawing test for dementia.
Lab procedure and Measurements
Peripheral blood samples were collected from the patients in sodium-heparin tubes. The serum was isolated by spinning the blood tubes in a centrifuge at 2500 rpm for 10 minutes at room temperature, as described in the CMCI (Center of molecular and cellular intervention) Utrecht protocol. Until further processing of the serum, the samples were stored at -20oC.
The method of enzyme dosage is based on a 4 hour long hydrolysis of the arylsulfatase A on the 4-nitrocatechol sul-fate (p-NCS) substrate. We obtained the reagent in several steps. First, we added 6.3 ml of acetic acid to 100 ml of distilled water resulting the solution A. Then, 6.8 g sodium acetate was mixed with 50 ml of distilled water resulting the solution B. Three ml of solution A mixed with 7 ml of the solution B gave us the solution C, with a pH of 5, optimal for the ARSA's activation. The last step was to add 2.2 mg inorganic pyrophosphate, 62 mg p-NCS and 1 g potassium chloride to the solution C, obtaining the needed reagent with the substrate.
Once this step was completed, we defrosted the serum samples and we set up the probes and controls for the spectrophotometry. The probe was 0.3 ml of the reagent mixed with 0.3 ml of the serum of each patients individually, incubated for 4 hours at 37oC using Termostat Bath FALC. The control for this reaction was the incubation of the two compounds separately following the same conditions, and mixing them right after the incubation. At the end of the incubation we added 0.6 ml of sodium hydroxide 1.25 N (Normal) to both probe and control samples in order to stop the ARSA's hydrolysation on the substrate.
The extinction of the probes were measured in relation to the controls for each patient. For this step, we used the T 60 UV-Visible spectrophotometer at 515 nm wavelength. The unit of measurement used for the ARSA substrate concentration p-NCS was nmol/ml/4h.
This spectrophotometric method was choosed in accordance with publised data, which indicate that this is the most accessible and cost-effective method available Statistical analyses were performed including Grubbs test for outliers, normality test and t-test using GraphPad and descriptive analysis was made in Microsoft Office 2010 [4] .
Results and discussions
Our findings suggest a wide enzyme activity range, which fits the Gaussian distribution (Table 1, Figure 2 ) and the absence of statistically significant difference between female and male patients enzyme's activity (p=0.29).
Published data indicate a wide normal ARSA activity, similar to our findings [5] . The case of ARSA pseudodeficiency has been described in the literature, representing clinically healthy people who present reduced enzyme activity [6] .
ARSA activity in type 2 Diabetes mellitus
The low serum concentration of sulfatide in patients diagnosed with type 2 Diabetes mellitus has been described in the literature [7] . A statistically significant difference was described as compared to the control group (Table 1) , indicating a reduced ARSA activity in these patients. These findings suggest a vicious cycle where presence of diabetes lowers ARSA activity, leading to a decrease in the sulfatide biosynthesis and the absence of sulfatide worsening the diabetes.
ARSA activity in Parkinson syndrome
Our findings denotes a lower enzymatic activity in case of patients with Parkinson syndrome (p=0.002). Similar findings were described in the literature [8] indicating that ARSA deficit may be a metabolic factor associated with the clinical chaacteristics of this disease.
ARSA activity in chronic kidney disease
Low serum sulfatide level was found in patients with chronic kidney disease, receiving hemodialysis over a long period [9] . An animal model study, modeling an acute kidney failure through protein overload nephropathy, found that serum sulfatide level is dependent on the hepatic se- Fig. 2 . Gaussian distribution of ARSA activity in the studied groups cretory ability of sulfatide. Cerebroside sulfotransferase regulates this process with hepatic gene expression, which in this case is down-regulated [10] . Our findings show a decay of ARSA activity (p=0.025) that correlates with the years of dialysis treatment (p=0.001).
ARSA activity in HIV infected patients An association between low sulfatide level and Alzheimer's disease has been described in the literature [11, 12] . However, anti-sulfatide antibodies have been identified in HIV positive patients with neurological symptoms [13] . We did not find any significant difference between HIV infected patients and our control group (p=0.091), however there was a statistically significant difference between HIV infected patients with and without neurological symptoms (p=0.001).
ARSA activity in prostate cancer
In case of prostate cancer patients, ARSA shows a wide range of enzyme activity which follows Gaussian distribution.
The scientific literature describes a wide normal ARSA activity range, similar to our findings. It was shown that these variations are caused by allelic mutations, but have no consequences on human health. We call pseudodeficiency the case when clinically healthy individuals have reduced enzyme activity. It was suggested that even a low activity (<10% of the mean normal) is sufficient for in vivo hydrolysis and hormone activation, playing a role in cancer development. The scientific opinion is that the enzymes involved in hormone synthesis are cancer therapy targets and potent STS (steroid sulfatase) inhibitors should be used for therapeutic purpose in hormone-dependent cancers and other non-oncological conditions [14, 15] .
Conclusions
These findings suggest a new hypothesis in which a vicious cycle is enclosed between ARSA, sulfatide and degenerative diseases. ARSA may be an important metabolic co-factor of clinically different diseases, but with common molecular physiopathology. Our findings should increase clinician's attention towards possible complications in these patients as a consequence of secondary sulfatide disorders.
